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(57) ABSTRACT 

A semiconductor device is provided Which includes: a ?rst 
semiconductor integrated circuit; a ground line and a poWer 
supply line trough Which electric poWer is supplied to the ?rst 
semiconductor integrated circuit; and a variable impedance 
component Which is connected between the ground line and 
the poWer supply line. 
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SEMICONDUCTOR DEVICE HAVING 
POWER SUPPLY SYSTEM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to semiconductor devices. 

More particularly, the present invention relates to a semicon 
ductor device Which is provided With a poWer supply system 
Which supplies electric poWer to a semiconductor integrated 
circuit. 

Priority is claimed on Japanese Patent Application No. 
2008-13559, ?led Jan. 24, 2008, the content of Which is 
incorporated herein by reference. 

2. Description of Related Art 
The inventors of the present invention investigated the 

following techniques in the art of semiconductor devices. 
In the art of semiconductor devices, it is becoming consid 

erably dif?cult to design measures against poWer supply 
noise as With succeeding generations of LSIs (Large Scale 
Integrated circuits). Such dif?culty is caused by an increase in 
current consumption of semiconductor elements Which are 
required to operate at a high rate; an increase in poWer supply 
noise accompanied by the high speed operation of the semi 
conductor elements; and minimization of a noise margin due 
to a reduction in a poWer supply voltage accompanied by an 
advance in semiconductor processes. Under such circum 
stances, in vieW of the fact that voltage is a product of current 
and impedance, one of the solutions for controlling the volt 
age of poWer supply noise so as to be a loWer voltage is to 
minimize the impedance value of a poWer supply system over 
a Wide band. In order to realize such an impedance minimi 
zation over a Wide band, a number of different kinds of 
decoupling capacitors have been mounted on a printed circuit 
board or arranged in a semiconductor package. This is 
because different kinds of decoupling capacitors have differ 
ent resonance frequencies and the impedance values thereof 
are minimized at these resonance frequencies. 

For example, in Japanese Unexamined Patent Application, 
First Publication No. 2002-223077 hereinafter referred to as 
“Patent Document 1”), a number of capacitors are provided in 
a multilayer Wire substrate so that the impedance value of a 
poWer supply system at a anti-resonance frequency is less 
than or equal to a predetermined value, thereby realizing a 
loW impedance value over a Wide band. 

In addition, in Japanese Unexamined Patent Application, 
First Publication No. 2001 -1 191 10 (hereinafter referred to as 
“Patent Document 2”), the lengths of poWer supply lines 
provided for a number of decoupling capacitors are con 
trolled so as to precisely control impedance pro?les thereof, 
thereby realizing a loW impedance value over a Wide band. 

The inventors of the present invention recognized the fol 
loWing matters. Speci?cally, the inventors of the present 
invention studied the aforementioned techniques for semi 
conductor devices, and revealed the folloWing matters. 

Since both of these techniques require a number of capaci 
tors, the number of layers of substrates increases and the sizes 
of the substrates increase. 

The techniques of realizing loW poWer supply noise set 
forth above may be effective methods for semiconductor 
devices provided in apparatuses such as a personal computer, 
Which is provided With a printed circuit board having a suf 
?ciently large size. 

HoWever, these methods cannot apply to printed circuit 
boards Which are provided in small-sized semiconductor 
devices such as a mobile phone. Speci?cally, since electronic 
components other than capacitors are densely provided in 
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2 
small-sized semiconductor equipment, printed circuit boards 
does not have su?icient space for the capacitors, and hence 
the number of chip capacitors that can be provided therein is 
restricted. 

SUMMARY 

The present invention seeks to solve one or more of the 
above problems, or to improve upon those problems at least in 
part. 

In one embodiment, there is provided a semiconductor 
device that includes: a ?rst semiconductor integrated circuit, 
a ground line and a poWer supply line through Which electric 
poWer is supplied to the ?rst semiconductor integrated circuit; 
and a variable impedance component Which is connected 
betWeen the ground line and the poWer supply line. 

In another embodiment, there is provided a semiconductor 
device that includes: a semiconductor integrated circuit; a 
poWer supply system Which supplies electric poWer to the 
semiconductor integrated circuit; and a variable impedance 
component Whose impedance is varied to adjust the imped 
ance of the poWer supply system. 

In accordance With the foregoing embodiments, by 
dynamically controlling the impedance value of the variable 
impedance component, it is possible to realize a loW imped 
ance value of the poWer supply system over a Wide band using 
a small number of chip components, Without providing a 
number of different kinds of decoupling capacitors having 
different resonance frequencies. Reduction in the number of 
components results in minimization of the size of a substrate 
on Which the semiconductor device is mounted. Therefore, it 
is possible to realize dense implementation of semiconductor 
integrated circuits and reduction in poWer supply noise 
thereof. Hence, it is possible to realize not only a small area 
but also loW poWer supply noise in the semiconductor device 
and a printed circuit board Which mount the semiconductor 
device. In addition, a loW impedance value of the poWer 
supply system can be realized over a Wide band even in 
small-sized semiconductor equipment such as a mobile 
phone in Which electronic components are densely mounted 
on a printed circuit board and space for mounting capacitors 
is restricted. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above features and advantages of the present invention 
Will be more apparent from the folloWing description of cer 
tain preferred embodiments taken in conjunction With the 
accompanying draWings, in Which: 

FIG. 1 is a diagram shoWing the structure of a printed 
circuit board (PCB) on Which a capacitance-variable capaci 
tor is mounted and Which is provided in a semiconductor 
device in accordance With a ?rst embodiment of the present 
invention; 

FIG. 2 is a diagram shoWing the structure of a printed 
circuit board Which is provided in a semiconductor device in 
accordance With a technique on Which the present invention is 
based (hereinafter referred to as “a background technique”); 

FIG. 3 is a diagram shoWing a simpli?ed equivalent circuit 
of the structure shoWn in FIG. 1, Which is provided in the 
semiconductor device in accordance With the ?rst embodi 
ment of the present invention; 

FIG. 4 is a diagram shoWing a simpli?ed equivalent circuit 
of the structure shoWn in FIG. 2, Which is provided in the 
semiconductor device in accordance With the background 
technique; 
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FIG. 5 is a diagram showing impedance pro?les of a power 
supply system shown in FIG. 3, which is provided in the 
semiconductor device in accordance with the ?rst embodi 
ment of the present invention; 

FIG. 6 is a diagram showing impedance pro?les of a power 
supply system shown in FIG. 4, which is provided in the 
semiconductor device in accordance with the background 
technique; 

FIG. 7 is a block diagram showing an equivalent circuit of 
the structure shown in FIG. 1, which is provided in the semi 
conductor device in accordance with the ?rst embodiment of 
the present invention, where the equivalent circuit includes 
components for controlling the capacitance value; 

FIG. 8 is a timing chart for illustrating control in the struc 
ture shown in FIG. 7, which is provided in the semiconductor 
device in accordance with the ?rst embodiment of the present 
invention; 

FIG. 9 is a diagram showing the structure of a semiconduc 
tor device in accordance with a second embodiment of the 
present invention, in which a capacitance-variable capacitor 
is provided in a package; 

FIG. 10 is a diagram showing the structure of a semicon 
ductor device in accordance with a third embodiment of the 
present invention, in which capacitance-variable decoupling 
capacitors are provided in a chip of a memory LSI; 

FIG. 11 is a diagram showing the structure of a semicon 
ductor device in accordance with a fourth embodiment of the 
present invention, in which capacitors and variable inductors 
are provided in power supply lines; 

FIG. 12 is a diagram showing impedance pro?les of a 
power supply system shown in FIG. 11, which is provided in 
the semiconductor device in accordance with the fourth 
embodiment of the present invention; 

FIG. 13 is a diagram showing the structure of an example of 
a variable inductance component in the fourth embodiment of 
the present invention; 

FIG. 14A and FIG. 14B are diagrams showing the structure 
of another example of a variable inductance component in the 
fourth embodiment of the present invention; 

FIG. 15 is a diagram showing the structure of a semicon 
ductor device in accordance with a ?fth embodiment of the 
present invention, in which capacitors and resistance-variable 
resistors are provided in power supply lines; 

FIG. 16 is a diagram showing impedance pro?les of a 
power supply system shown in FIG. 15, which is provided in 
the semiconductor device in accordance with the ?fth 
embodiment of the present invention; 

FIG. 17 is a diagram showing the structure of an example of 
a variable resistance component in the ?fth embodiment of 
the present invention; 

FIG. 18 is a diagram showing the structure of a decoupling 
capacitor, which is provided in a semiconductor device in 
accordance with a sixth embodiment of the present invention; 

FIG. 19 is a diagram showing a method for controlling the 
capacitance value of the decoupling capacitor in the semicon 
ductor device in accordance with the sixth embodiment of the 
present invention; 

FIG. 20 is a diagram showing an equivalent circuit in which 
inductance components and resistance components which are 
parasitic on capacitors provided in the semiconductor device 
in accordance with the sixth embodiment of the present 
invention are also taken into consideration; 

FIG. 21 diagram showing a method for controlling the 
capacitance value, the inductance value, and the resistance 
value of the decoupling capacitor in the semiconductor device 
in accordance with the sixth embodiment of the present 
invention; 
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FIG. 22 is a diagram showing a modi?ed example of a 

decoupling capacitor, which is provided in the semiconductor 
device in accordance with the sixth embodiment of the 
present invention; and 

FIG. 23 is a diagram showing a memory module in accor 
dance with a seventh embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The invention will be now described herein with reference 
to illustrative embodiments. Those skilled in the art will rec 
ogniZe that many alternative embodiments can be accom 
plished using the teachings of the present invention and that 
the present invention is not limited to the embodiments illus 
trated for explanatory purposes. 

Hereinbelow, the details of embodiments of the present 
invention will be explained with reference to the accompa 
nied drawings. In all of the drawings illustrating the embodi 
ments, the same reference symbols are assigned to the same 
members, and the repetitive explanation thereof will be omit 
ted. 

First, the background technique will be explained so as to 
facilitate the understanding of various features of the present 
invention by comparing the background technique with the 
present invention. 

Background Technique 
FIG. 2 shows the structure of a printed circuit board PCB) 

which is provided in a small-siZed semiconductor device in 
accordance with the background technique. As shown in FIG. 
2, a printed circuit board 10 is provided with: various kinds of 
LSIs 61 and 62; a memory LSI 3 such as a dynamic random 
access memory (DRAM); a controller LSI 1 which outputs a 
control signal to the memory LSI 3 to control the operation of 
the memory LSI 3; an on-board voltage regulator chip 9 
which optimally controls various power supplies provided in 
the printed circuit board 10; and various kinds of decoupling 
capacitor chip components 71-73 used for reducing power 
supply noise of the memory LSI 3. Although the controller 
LSI 1 and the memory LSI 3 in this example are separately 
provided, they may be stacked in accordance with a package 
on-package (POP) technique and may be sealed in a single 
package. 

FIG. 4 shows a simpli?ed electrical equivalent circuit of a 
power supply system on the printed circuit board in accor 
dance with this background technique. For the sake of sim 
plicity, FIG. 4 does not depict the details of the equivalent 
circuit of the voltage regulator chip 9. Instead, FIG. 4 depicts 
the voltage regulator chip 9 as a simple DC voltage source 
VDD. Additionally, FIG. 4 shows only three decoupling 
capacitor chip components. As shown in FIG. 4, the memory 
LSI 3 is represented by a power supply current source 31 and 
an impedance model 32 of its chip (impedance Zm). The three 
decoupling capacitor chip components 71-73 mounted on the 
PCB have different capacitance values C1-C3, respectively, 
and hence the decoupling capacitor chip components have 
different resonance frequencies. 

FIG. 6 shows impedance pro?les of the power supply sys 
tem provided on the left of A-A' in FIG. 4. Now, it is assumed 
that the impedance value must be Zallow (an allowable 
impedance value 21) or below so as to maintain the level of 
noise of the power supply system to a target level or below. In 
general, the major frequency of power supply current in 
DRAMs varies depending on operation modes. This is 
because duration during which relevant circuits are activated 
varies depending on respective operations, and because the 
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length of the duration determines the major frequency of the 
power supply current. NoW, it is assumed that there are tWo 
operations including an operation 1 and an operation 2 Which 
are major factors causing noise in a DRAM, and that these 
operations respectively generate frequency components f1 
and f2 in the poWer source current. In this case, the impedance 
value must be the ZalloW or beloW both in the operation at the 
frequency f1 and in the operation at the frequency f2. One of 
methods for satisfying this condition is to provide a plurality 
of impedance resonance points by means of a plurality kinds 
of decoupling capacitors as shoWn in FIG. 6 (see the imped 
ance pro?les designated by reference symbols 203-205). 
However, this method requires a number of decoupling 
capacitor chip components mounted on the printed circuit 
board, as shoWn in FIG. 2. Therefore, it is dif?cult to apply 
this method to systems having a small-siZed printed circuit 
board. 

First Embodiment 

FIG. 1 is a diagram shoWing the structure of a semiconduc 
tor device in accordance With a ?rst embodiment of the 
present invention. 

First, the structure of the semiconductor device in accor 
dance With the ?rst embodiment Will be explained With ref 
erence to FIG. 1. On a printed circuit board 101, there are 
provided: a memory LS1 3 (a ?rst semiconductor integrated 
circuit; e.g., a DRAM) in Which noise is to be reduced; an 
on-board voltage regulator chip 9 (a second semiconductor 
integrated circuit); a controller LS1 1 (a third semiconductor 
integrated circuit) Which controls the memory LS1 3; a decou 
pling capacitor 5 (a variable impedance component) Which 
varies its oWn capacitance value in accordance With a bias 
voltage applied to a capacitance control terminal 5-3; LS1s 61 
and 62; and so forth. A terminal 5-1 and a terminal 5-2 (a ?rst 
terminal and a second terminal) of the decoupling capacitor 5 
are respectively connected to a ground line and a poWer 
supply line Which supply electric poWer to the memory LS1 3. 
It should be noted that the ground line and the poWer supply 
line are formed inside the printed circuit board 101, and hence 
they are not shoWn in FIG. 1. Moreover, FIG. 1 depicts only 
signal lines Which are relevant to adjustment of the capaci 
tance value of the decoupling capacitor 5. 

The voltage regulator chip 9 is capable of controlling its 
oWn output voltage. The voltage regulator chip 9 is provided 
With a terminal through Which the output voltage is supplied 
to the capacitance control terminal 5-3 of the decoupling 
capacitor 5 provided on the printed circuit board 101. The 
capacitance value of the decoupling capacitor 5 is controlled 
by the output voltage of the voltage regulator chip 9. The 
controller LS1 1 is provided With terminals through Which 
control signals are supplied to the voltage regulator chip 9. 
The controller LS1 1 supplies control signals to the memory 
LS1 3 at the same time the control signals are supplied to the 
voltage regulator chip 9. By doing so, the voltage regulator 
chip 9 controls the impedance value of the decoupling capaci 
tor 5 based on control operations by the controller LS1 1. To 
this end, the voltage regulator chip 9 detects the next opera 
tion of the memory LS1 3, and adjusts the output voltage to the 
decoupling capacitor 5 so as to change the capacitance value 
of the decoupling capacitor 5 to a capacitance value corre 
sponding to the next operation. In other Words, the voltage 
regulator chip 9 dynamically controls the capacitance value 
of the capacitance-variable decoupling capacitor 5, Which is 
connected to the poWer supply system for the memory LS1 3, 
in accordance With the operation of the memory LS1 3. As a 
result, it is possible to realiZe a loWer impedance value of the 
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6 
poWer supply system for the memory LS1 3 over a Wide band 
using a small number of chip components. 

In this Way, in order to solve the problems of the back 
ground technique, as shoWn in FIG. 1, the ?rst embodiment is 
provided With a small number of capacitance-variable decou 
pling capacitors (in this example, a single decoupling capaci 
tor 5) each having a capacitance control terminal. With the 
structure shoWn in FIG. 1, it is su?icient to provide a smaller 
number of decoupling capacitors compared to that in the 
structure shoWn in FIG. 2, so that it is possible to reduce the 
siZe of the printed Wiring board to a smaller siZe than the siZe 
of the printed Wiring board shoWn in FIG. 2. Speci?cally, the 
siZe 102 of the printed circuit board in accordance With the 
background technique canbe reduced to the siZe shoWn by the 
printed circuit board 101. The decoupling capacitor 5 is pro 
vided With the capacitance control terminal 5-3, Which is 
connected to the voltage regulator chip 9 via capacitance 
control poWer supply lines 8. The controller LS1 1 is con 
nected to the voltage regulator chip 9 via regulator control 
signal lines 2. The controller LS1 1 is connected to the 
memory LS1 3 via memory control signal lines 4. 

It should be noted that an example of the decoupling 
capacitor 5, Whose capacitance value is controlled by an 
externally applied voltage, is a capacitor by means of a micro 
electro-mechanical system (MEMS). This capacitor employs 
the mechanism Which uses electrodes made of a pieZoelectric 
material that form capacitance and varies the capacitance 
value by changing the interval betWeen the electrodes in 
accordance With the externally applied voltage. 
The controller LS1 1 sends control signals for controlling 

the memory LS1 3 to the memory LS1 3 via the memory 
control signal lines 4. At the same time, the controller LS1 1 
sends control signals corresponding to the details of control 
of the memory LS1 3 to the voltage regulator chip 9 via the 
regulator control signal lines 2. The voltage regulator chip 9 
detects the next operation of the memory LS1 3 using these 
signals. In the case in Which the next operation may cause a 
large amount of noise, the voltage regulator chip 9 applies a 
necessary voltage to the capacitance control terminal 5-3 of 
the decoupling capacitor 5 so that the major frequency of the 
poWer supply current resulting from the execution of the next 
operation by the memory LS1 3 coincides With the resonance 
frequency of the decoupling capacitor 5. 

It should be noted that the controller LS1 1 and the voltage 
regulator chip 9 may be integrated in a single semiconductor 
chip. 

FIG. 3 shoWs a simpli?ed electrical equivalent circuit of 
the poWer supply system for the printed Wiring board pro 
vided in the semiconductor device in accordance With the ?rst 
embodiment. For the sake of simplicity, FIG. 3 does not 
depict the details of the equivalent circuit of the voltage 
regulator chip 9, in the same manner as FIG. 4. In FIG. 3, the 
memory LS1 3 is represented by a poWer supply current 
source 31 and an impedance model 32 of its chip. Reference 
symbol 11 denotes an impedance matrix (impedance Zpcb) of 
the printed circuit board 101 betWeen the decoupling capaci 
tor 5 having a capacitance value Cdec and the memory LS1 3. 
The decoupling capacitor absorbs/ shuts off poWer supply 
noise caused by other circuits (not shoWn in FIG. 3) con 
nected on the side of poWer supply VDD, thereby reducing the 
poWer supply noise. 
The equivalent circuit shoWn in FIG. 3 is different from the 

equivalent circuit shoWn in FIG. 4 in that the number of 
modeled decoupling capacitors in FIG. 3 is smaller than that 
in FIG. 4 and that the capacitance value of the decoupling 
capacitor in FIG. 3 is variable. FIG. 5 shoWs impedance 
pro?les of the poWer supply system Which is provided on the 
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left of A-A' in FIG. 3. A single capacitor is provided as shown 
in FIG. 3, so that there is only one resonance frequency as 
shoWn in FIG. 5. However, since the capacitance value of the 
capacitor is variable as shoWn in FIG. 3, the resonance fre 
quency can be changed as shoWn by impedance pro?les 201 
and 202 in FIG. 5, Which are respectively represented by a 
solid line and a dotted line, by varying the capacitance value. 
For example, in the case of the operation 1 in Which the 
frequency component fl is generated in the poWer supply 
current, the capacitance value of the capacitor is changed so 
that the impedance pro?le becomes the impedance pro?le 
202, in Which the impedance value of the poWer supply sys 
tem is smaller than the ZalloW (the alloWable impedance 
value 21) at the frequency f1. In contrast, in the case of the 
operation 2 in Which the frequency component f2 is generated 
in the poWer supply current, the capacitance value of the 
capacitor is changed so that the impedance pro?le becomes 
the impedance pro?le 201. 

Next, the capacitance control in accordance With the ?rst 
embodiment Will be explained in more detail With reference 
to FIG. 7 and FIG. 8. FIG. 7 is a block diagram shoWing an 
equivalent circuit Which also takes components for control 
ling the capacitance value shoWn in FIG. 1 into consideration. 
FIG. 7 includes the controller LS1 1 and the voltage regulator 
chip 9 in addition to the components included in the simpli 
?ed equivalent circuit shoWn in FIG. 3. The voltage regulator 
chip 9 is provided With: a voltage controller 91; and a voltage 
source 92 Whose output voltage Vcnt is varied in accordance 
With control by the voltage controller 91. The voltage source 
92 is connected to the capacitance control terminal of the 
decoupling capacitor 5, and the capacitance value Cdec of the 
decoupling capacitor 5 is varied in accordance With the output 
voltage Vcnt of the voltage source 92. 

FIG. 8 is a timing chart shoWing changes over the course of 
time With respect to the operation of the memory LS1 3; the 
output voltage Vcnt of the voltage source 92; and the capaci 
tance value Cdec of the decoupling capacitor 5. NoW, it is 
assumed that there are three kinds of operations including an 
operation A, an operation B, and an operation C, Where fre 
quencies of current during the respective operations are dif 
ferent from each other. For example, in the case in Which the 
memory LS1 3 is a DRAM, the operation A is a refresh 
operation, the operation B is a read operation, and the opera 
tion C is a Write operation. The upper portion ofF1G. 8 shoWs 
the input timing of operation commands in the case in Which 
the memory LS1 3 is operated in accordance With control 
signals (i.e., memory access commands; in other Words, 
operation command signals) from the controller LS1 1. The 
middle portion of FIG. 8 shoWs a change over the course of 
time With respect to the output voltage Vcnt of the voltage 
source 92. The loWer portion of FIG. 8 shoWs a change over 
the course of time With respect to the capacitance value Cdec 
of the decoupling capacitor 5. In FIG. 8, operation commands 
are input to the memory LS1 3 so as to correspond to the order 
of operations; that is, an operation B, an operation C, an 
operation B, and an operation A. It is assumed that the opti 
mum capacitance values of the decoupling capacitor 5 for 
suppressing major frequency components of the poWer sup 
ply current (i.e., capacitance values of the decoupling capaci 
tor 5 by Which the frequencies of the poWer supply current 
coincide With the resonance frequencies of the poWer supply 
system) Which are respectively generated in the operation A, 
the operation B, and the operation C, are C A, CB, and CC, 
respectively. As shoWn by control shoWn in FIG. 8, the output 
voltage Vcnt is changed in accordance With each operation 
command immediately before the memory LS1 3 enters each 
operation mode, so that the capacitance value Cdec is 
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8 
changed, and at the time each operation starts the impedance 
value of the poWer supply system is changed to a value Which 
minimiZes the poWer supply current generated in each opera 
tion. 

Such operations can be realiZed by a combination of a 
voltage regulator Which has a function of receiving an opera 
tion command signal from the controller LS1 and a decou 
pling capacitor Whose capacitance value is changed in accor 
dance With a control voltage generated by the voltage 
regulator. Most of regulators provided in recent portable 
equipment have the aforementioned function of the voltage 
regulator. This is because such portable equipment is required 
to dynamically adjust the poWer supply voltage in order to 
reduce poWer consumption. An example of the decoupling 
capacitor Whose capacitance value is adjusted by the control 
voltage is a pieZoelectrically-driven MEMS variable capaci 
tor. 

For example, in the case in Which the semiconductor device 
is a DRAM, With respect to the respective frequencies of 
noise in a refresh operation (an operation A) and in a Write 
operation (an operation C), the major frequency of noise in 
the refresh operation is estimated as approximately 10 MHZ 
from the time during Which relevant circuits are activated in 
the refresh operation, and the major frequency of noise in the 
Write operation is estimated as approximately 30 MHZ from 
the time during Which relevant circuits are activated in the 
Write operation. It should be noted that these values are sim 
ply criteria. As derived from the comparison betWeen these 
noise frequencies, the noise frequency in the Write operation 
is approximately triple the noise frequency in the refresh 
operation. 

In order to equally reduce these noise components, the 
design method in accordance With the background technique 
uses a ?rst decoupling capacitor; and a second decoupling 
capacitor Whose resonance frequency is triple the resonance 
frequency of the ?rst decoupling capacitor. Since a resonance 
frequency is de?ned by (LC)_1/2, Where L denotes inductance 
and C denotes capacitance, When capacitors having the same 
siZe (i.e., the same value of L) are used, tWo kinds of capaci 
tors including a ?rst capacitor; and a second capacitor Whose 
capacitance value is approximately ten times the capacitance 
value of the ?rst capacitor are required. 

In the present embodiment, the tWo kinds of capacitors can 
be realiZed by a single variable capacitor. For example, a 
variable capacitor Which is provided With a pieZoelectric 
drive terminal and Which is formed on a glass substrate real 
iZes a capacitance change ratio of 9.8 by varying the voltage 
applied to the pieZoelectric drive terminal from 0 V to 5.7 V. 
The present embodiment can be realiZed by using a decou 
pling capacitor formed by such a component. 

Second Embodiment 

In a second embodiment of the present invention, a capaci 
tance-variable decoupling capacitor is provided in an LS1 
package, not on a printed circuit board. The second embodi 
ment of the present invention Will be explained With reference 
to FIG. 9. FIG. 9 is a diagram shoWing the structure of a 
semiconductor device in accordance With the second embodi 
ment of the present invention. 

FIG. 9 is characterized in that a decoupling capacitor 5 
having a capacitance control terminal is provided in a pack 
age 18 Which seals a memory LS1 3. 
The fundamental concept and the structure of the present 

embodiment are the same as those in the ?rst embodiment. By 
alloWing the adjustment of the capacitance value of the 
decoupling capacitor 5, Which is arranged at a position closer 
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to the memory LSI 3 than that in the ?rst embodiment, it is 
possible to dynamically adjust the impedance value even for 
noise having a higher frequency than that of the ?rst embodi 
ment. Therefore, the present embodiment provides means 
Which are effective to poWer supply noise having a frequency 
in a range from several tens MHZ to several hundreds MHZ. In 

the present embodiment, electrodes for the capacitor are pro 
vided in the package 18, and dedicated lines are provided in 
the package 18. 

Third Embodiment 

In a third embodiment of the present invention, a capaci 
tance-variable decoupling capacitor is provided in a chip of a 
memory LSI. The third embodiment of the present invention 
Will be explained With reference to FIG. 10. FIG. 10 is a 
diagram shoWing the structure of a semiconductor device in 
accordance With the third embodiment of the present inven 
tion. 

The enlarged vieW in FIG. 10 shoWs an example of the 
structure of a MEMS-based capacitance-variable decoupling 
capacitor 5. As shoWn by the enlarged vieW in FIG. 10, the 
decoupling capacitor 5 includes upper electrodes 17 made of 
a pieZoelectric material, Which forms a pair With a loWer 
metal electrode 19 formed on a Si substrate, thereby forming 
a parallel plate capacitor 15. The parallel plate capacitor 15 is 
a variable capacitor Whose capacitance value varies in accor 
dance With a voltage applied to the upper electrodes 17. The 
upper electrodes 17 bend in accordance With the externally 
applied voltage, thereby the distance betWeen the loWer metal 
electrode 19 and the upper electrodes 17 is changed. Since the 
capacitance value of the parallel plate capacitor 15 is 
inversely proportional to the distance betWeen the electrodes, 
the capacitance value can be changed by varying the distance 
corresponding to the externally applied voltage. Moreover, 
the loWer metal electrode 19 is connected to a ground line 16 
provided on the substrate. In FIG. 10, reference symbol 12 
denotes a circuit block Which is activated at a higher rate, 
reference symbols 131 and 132 denote circuit blocks Which 
are activated at a loWer rate, and reference symbol 14 denotes 
an on-chip regulator. 

The fundamental concept and the structure of the present 
embodiment are the same as those of the ?rst embodiment. 

Since the capacitance-adjustable decoupling capacitor is 
arranged in a chip of the memory LSI 3, more effective 
measures by means of dynamic impedance adjustment can be 
taken against noise having a higher frequency (in particular, 
several hundreds MHZ or higher) than the frequency in the 
second embodiment. In FIG. 10, a lot of capacitance-variable 
capacitors are arranged in the periphery of the circuit block 
12, Which is provided in the memory LSI 3 and Which may be 
activated at a particularly high rate and may cause a large 
amount of noise, and the capacitance values thereof are 
changed in accordance With the operation of the memory LSI 
3 and under control of the on-chip regulator 14. 

It should be noted that although not shoWn in FIG. 10, the 
memory LSI 3 includes a circuit block corresponding to the 
controller LSI 1 shoWn in FIG. 1 as Well as a memory block. 

Moreover, although in FIG. 10, the on-chip regulator 14 is 
provided in the chip, a regulator may be provided outside the 
chip. Furthermore, although FIG. 10 shoWs an example in 
Which the variable capacitor is formed by a pieZoelectrically 
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10 
driven MEMS device, the variable capacitor is not limited to 
such a structure as long as the capacitance value thereof is 
variable. 

Fourth Embodiment 

In order to realiZe the impedance adjustment of a poWer 
supply system, a fourth embodiment of the present invention 
employs inductance-variable inductors Which are inserted in 
series relative to capacitors, instead of capacitance-variable 
capacitors as employed in the ?rst embodiment to the third 
embodiment. The fourth embodiment of the present invention 
Will be explained With reference to FIG. 11 and FIG. 12. FIG. 
11 is a diagram shoWing the structure of a semiconductor 
device in accordance With the fourth embodiment of the 
present invention. FIG. 12 shoWs impedance pro?les of a 
poWer supply system in the semiconductor device in accor 
dance With the fourth embodiment of the present invention. 
As shoWn in FIG. 11, on-chip capacitors 50 are arranged in 

the periphery of a circuit block 12 Which is activated at a 
higher rate and for Which noise is to be suppressed. Induc 
tance-variable components 51 are inserted betWeen the cir 
cuit block 12 and the on-chip capacitors 50. Each inductance 
variable component 51 is provided With a poWer supply 
terminal, a ground terminal, and an inductance control termi 
nal. Reference symbol 8a is an inductance control poWer 
supply line, Which corresponds to the capacitance control 
poWer supply line 8. It should be noted that as shoWn in FIG. 
13, each inductance-variable component 51 can be realiZed 
by a MEMS device using a sWitch 113 Which is controlled by 
a signal supplied via the inductance control poWer supply line 
811 and the inductance control terminal, and Which is capable 
of sWitching betWeen a large inductance path 111 (a ?rst 
inductance path) and a small inductance path 112 (a second 
inductance path). The large inductance path 1 11 is realiZed by 
a spiral inductor, it has a larger inductance value than the 
inductance value of the small inductance path 112, and it is 
selected if the sWitch 113 is turned off. The small inductance 
path 112 is realiZed by a short circuit having a straight line 
shape, it is selected if the sWitch 113 is turned on, and it has a 
smaller inductance value than the inductance value of the 
large inductance path 111. Alternatively, as shoWn in FIG. 
14A and FIG. 14 B, each inductance-variable component 51 
can be realiZed by a MEMS device Which is capable of vary 
ing the distance (a relative position) betWeen a spiral inductor 
121 and a movable metal plate 122 arranged above the spiral 
inductor, Which can be moved by an actuator 123 controlled 
by a signal supplied via the inductance control poWer supply 
line 811 and the inductance control terminal. 

Noise suppression using such a structure can be realiZed by 
the impedance adjustment scheme shoWn in FIG. 12. For 
example, in a normal state (i.e., in the state in Which the 
inductance value of the inductance-variable component 51 is 
minimiZed), the impedance pro?le thereof is an impedance 
pro?le 201. The impedance pro?le 201 includes anti-reso 
nance impedance at a frequency f2 due to the on-chip capaci 
tor 50 and the inductance value of the inductance-variable 
component 51, and hence noise is maximiZed When there is a 
current component at the frequency f2. Therefore, for 
example, in an operation in Which current having the fre 
quency f2 Hows, the inductance value of the inductance 
variable components 51 is intentionally increased (see an 
impedance pro?le 202 shoWn in FIG. 12) so as to shift the 
anti-resonance impedance, thereby making it possible to 
minimiZe the noise. 

It should be noted that an example has been explained 
hereinabove in Which a combination of an inductance-vari 
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able component and a capacitor is provided in a chip of the 
memory LSl 3. However, such a combination may be pro 
vided in a package or mounted on a printed circuit board. 

Fifth Embodiment 

A ?fth embodiment of the present invention realizes the 
impedance adjustment of a poWer supply system using resis 
tance-variable components Which are inserted in series rela 
tive to capacitors. The ?fth embodiment of the present inven 
tion Will be explained With reference to FIG. 15 and FIG. 16. 
FIG. 15 is a diagram shoWing the structure of a semiconductor 
device in accordance With the ?fth embodiment of the present 
invention. FIG. 16 is a diagram shoWing impedance pro?les 
of the poWer supply system in the semiconductor device in 
accordance With the ?fth embodiment of the present inven 
tion. 
As shoWn in FIG. 15, on-chip capacitors 50 are arranged in 

the periphery of a circuit block 12 Which is activated at a 
higher rate and for Which noise is to be suppressed. Resis 
tance-variable components 52 are inserted betWeen the cir 
cuit block 12 and the on-chip capacitors 50. Each resistance 
variable component 52 is provided With a poWer supply 
terminal, a ground terminal, and a resistance control terminal. 
Reference symbol 8b is a resistance control poWer supply 
line, Which corresponds to the capacitance control poWer 
supply line 8. It should be noted that as shoWn in FIG. 17, each 
resistance-variable component 52 canbe realized by a MEMS 
device using a sWitch 143 Which is controlled by a signal 
supplied via the resistance control poWer supply line 8b and 
the resistance control terminal and Which is capable of 
switching betWeen a small resistance path 141 (a ?rst resis 
tance path; e.g., a short circuit) made of a metal material, 
Which is selected if the sWitch 143 is turned on, and a large 
resistance path 142 (a second resistance path) made of a large 
resistivity material (i.e., a material having larger resistivity 
than that of the metal material), Which is selected if the sWitch 
143 is turned off. 

Noise suppression using this structure can be realized by 
the impedance adjustment scheme shoWn in FIG. 16. For 
example, in a normal state (i.e., the state in Which the resis 
tance value of the resistance-variable component is mini 
mized), the impedance pro?le thereof is an impedance pro?le 
201. The impedance pro?le 201 includes anti-resonance 
impedance at a frequency f2 due to the capacitance of an 
on-chip capacitor and the inductance value of an inductance 
variable component, and hence noise is maximized if there is 
a current component at the frequency f2. Therefore, for 
example, in an operation in Which current having the fre 
quency f2 Hows, the resistance value of the resistance-vari 
able components is intentionally increased (see an impedance 
pro?le 202 in FIG. 16) so as to reduce the anti-resonance 
impedance value, instead of increasing the resonance imped 
ance value, thereby making it possible to minimize the noise. 

It should be noted that an example has been explained 
hereinabove in Which a combination of a resistance-variable 
component and a capacitor is provided in a chip of the 
memory LSl 3. HoWever, such a combination may be pro 
vided in a package or mounted on a printed circuit board. 

Moreover, various components including a variable 
capacitor, a variable inductor, and a variable resistor 
explained above may be combined With each other and used 
at the same time. A Wider band can be covered by using a 
combination of a capacitance-controllable component and an 
inductance-controllable component as components for con 
trolling the impedance value of the poWer supply system. 
Since a resonance frequency is de?ned by (LC)_1/2, Where L 
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denotes inductance and C denotes capacitance, the structure 
in Which both L and C are variable provides an advantage of 
increasing the degree of freedom in frequency selection. 

Sixth Embodiment 

A sixth embodiment of the present invention is a speci?c 
example of a decoupling capacitor Which can be used in a 
semiconductor device having the structure of the ?rst 
embodiment (FIG. 1) or that of the second embodiment (FIG. 
9). FIG. 18 shoWs the structure of this speci?c example. A 
terminal 5-1 is connected to a ground line (a GND line), 
Which is connected to an integrated circuit Which is the sub 
ject for Which poWer supply noise thereof is to be reduced. A 
terminal 5-2 is connected to a poWer supply line (a VDD line) 
for supplying electric poWer to the integrated circuit. Refer 
ence symbol 5-3 is a capacitance control terminal connected 
to a capacitance control line. 
A capacitor 54 (a ?rst capacitor) having a capacitance 

value C1 is connected betWeen the capacitance control termi 
nal 5-3 and the terminal 5-1, a capacitor 55 (a second capaci 
tor) having a capacitance value C2 is connected betWeen the 
capacitance control terminal 5-3 and the terminal 5-2, and a 
capacitor 56 (a third capacitor) having a capacitance value C3 
is connected betWeen the terminal 5-2 and the terminal 5-1, 
thereby forming a capacitance-controllable decoupling 
capacitor. More speci?cally, the capacitance value betWeen 
the terminal 5-1 and the terminal 5-2 can be set to one of three 
values shoWn in FIG. 19 by changing a voltage V1 applied to 
the capacitance control terminal 5-3 to a VDD level, a GND 
level, or high impedance Hi-Z (i.e., an open-circuit). More 
over, it is possible to continuously change the capacitance 
value in the range betWeen a capacitance value (C1+C3) and 
a capacitance value (C2+C3) by setting the voltage V1 
applied to the capacitance control terminal 5-3 to an interme 
diate level betWeen the VDD level and the GND level. 

It should be noted that as an example of the method for 
controlling the level of the voltage V1 applied to the capaci 
tance control terminal 5-3, a sWitch element is inserted 
betWeen the terminal 5-2 and the capacitance control terminal 
5-3, and another sWitch element is inserted betWeen the ter 
minal 5-1 and the capacitance control terminal 5-3. This 
method alloWs control of the capacitance value so as to have 
one of the three capacitance values shoWn in FIG. 19. In this 
case, the operation of these tWo sWitch elements is controlled 
so that they are not simultaneously turned on. 
As another example, a resistance-variable element is 

inserted betWeen the capacitance control terminal 5-3 and the 
terminal 5-2, and another resistance-variable element is 
inserted betWeen the capacitance control terminal 5-3 and the 
terminal 5-1, thereby making it possible to continuously 
change the voltage V1. In this case, the resistance values of 
the resistance-variable elements are set to suf?ciently large 
values so as to prevent a large short-circuiting current from 
?oWing betWeen the VDD and the GND. 
More exactly, in accordance With the above-described 

methods, capacitance is not the only component that is con 
trolled by the level of the voltage V1 applied to the capaci 
tance control terminal 5-3 . As shoWn in FIG. 20, taking induc 
tance components and resistance components Which are 
parasitic to the capacitor 54, 55, and 56 into consideration, an 
inductance component (equivalent series inductance ESL) 
and a resistance component (equivalent series resistance 
ESR) betWeen the VDD and the GND due to these inductance 
components and resistance components are controlled so as 
to have the values shoWn in FIG. 21. Therefore, With the 
decoupling capacitor in accordance With the sixth embodi 






